SSIFICATION of the posterior longitudinal ligament of the cervical spine has been divided into four types-continuous, mixed, segmental, and otheraccording to the shape of the ossified lesion. 15 The segmental-type OPLL is apparently different from other types in its shape. This difference may affect clinical manifestations, OPLL-induced pathological conditions of cervical myelopathy, and clinical results after surgical treatments; however, this remains unclear. To clarify this issue, we retrospectively reviewed mid-and long-term results in patients who underwent expansive open-door laminoplasty, one of the most widely performed surgical procedures for OPLL of the cervical spine and compared the results between cases involving segmental-type OPLL and other types.
required by our inclusion criteria. The median follow-up period was 10 years (range 7-18 years). There were 45 men and 12 women, whose median age at the time of surgery was 58 years (range 40-77 years). Segmental-type OPLL was present in 10 patients (male/female ratio 8:2; Group 1). Among the other 47 patients, continuous and mixed types were observed in 22 (male/female ratio 19:3) and 25 (male/female ratio 19:6) patients, respectively (Group 2). Age at the time of surgery, duration between the onset of initial symptoms and surgery, and follow-up durations were not significantly different between Groups 1 and 2 (Table 1 ).
Indication(s) for Surgery
Laminoplasty was indicated primarily for patients with OPLL-induced cervical myelopathy except for those harboring a single-level segmental-type lesion without developmental canal stenosis, who are the best candidates for anterior surgery. All laminae from one level superior and one level inferior the ossified PLL were opened.
Operative Technique
The procedure for expansive open-door laminoplasty has been described in detail elsewhere. [2] [3] [4] Briefly, a midline exposure is made along the nuchal ligament down to the spinous process. The laminae from C-2 to T-1 (or T-2) are exposed bilaterally. Bone gutters at the medial margin of the facet are created bilaterally from C-3 to C-7 (or T-1) by using a high-speed drill. The drilling of the gutter on the open side is completed first, and subsequently that in the hinge side is carefully drilled until the lamina door becomes slightly mobile when gentle force is applied to the spinous process. After the removal of the C2-3 and C7-T1 interspace ligamenta flava, the lamina door is opened gradually until the lamina on the open side becomes almost horizontal. To maintain this position, sutures placed through facet joint capsules are passed around the base of the corresponding spinous processes and securely tied. Sufficient space for decompression between the swollen dural tube and the anterior side of the lamina can be obtained at this stage. After placing a drainage tube, the neck muscles are tightly sutured bilaterally. The patient is kept in bed for 2 to 5 days after surgery and then permitted to ambulate in a cervical brace, which is worn for 3 months.
Clinical Assessment
To assess the severity of myelopathy, the JOA scoring system was used (Table 2) . 8 The total score for a healthy individual is 17. To evaluate the extent of postoperative symptomatic recovery, the acquired score (postoperative score -preoperative score) was used. We also used the JOA system to evaluate upper-extremity and trunk functions (total score for a healthy individual 8) separately from lower-extremity and bladder functions, because in elderly patients the latter functions are often disturbed by lumbar, knee, and prostate lesions and may not reflect true spinal cord function.
The JOA score was assessed at 1, 3, and 5 years postoperatively and at the final follow-up examination.
Radiographic/Neuroimaging Assessment
The ossified PLLs were classified morphologically into four types-continuous, mixed, segmental, and otheraccording to a previously proposed scheme. 15 Cervical ROM (C2-7) was measured on flexion and extension x-ray films by using a method proposed by Satomi, et al. 13 The cervical alignment was classified as lordotic, kyphotic, straight, or sigmoid based on evaluation of a lateral neutral x-ray film, as defined in Fig. 1 . The AP diameter of available spinal canal was defined as the shortest distance between the posterior edge of the vertebral body or the posterior margin of OPLL and the anterior border of the lamina; these diameters were measured in each vertebra from C-2 to C-7 on a lateral neutral x-ray film. Progression of an ossified PLL was determined by comparing preoperative and final follow-up radiographs.
The presence of atrophy and/or spinal cord compression were assessed on MR imaging. Spinal cord atrophy was defined as present if the AP diameter of the spinal cord was shorter than the mean AP diameter of the spinal cord at the adjoining cranial and caudal intervertebral levels.
Radiographs and MR images were assessed at 1 and 5 years postoperatively and at the final follow-up examination.
Statistical Analysis
Because the parameters in Group 1 were not normally distributed because of its small size, nonparametric tests (the Mann-Whitney U-test and Spearman rank correlation test) were used; the Student t-test was used for postoperative acquired JOA scores, which were normally distributed in both groups. To eliminate the effects of possible confounding variables such as age, operative time, blood loss, and duration of preoperative symptoms, a multiple regression analysis was performed for acquired JOA scores. The Fisher exact test was perormed to assess the categorical radiographic variables. Analyses were performed using StatView J-4.5 (Abacus Concepts, Inc., Berkeley, CA) on a Macintosh computer (Apple Computer, Cupertino, CA).
Results

Surgery/Related Results
The spinal canal was expanded at C3-7 in eight and C3-T1 in two patients with segmental-type OPLL (Group 1), and at C3-7 in 27, C2-7 in 14, C2-T1 in three, C3-6
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* The values are presented as the medians and, parenthetically, the ranges. Abbreviation: FU = follow up.
† Probability values were established using the Mann-Whitney U-test.
in two, and C1-7 in one patient, in those with other types of OPLL (Group 2). The median operative times were 112.0 Ϯ 21.0 and 131.0 Ϯ 26.6 (Ϯ one standard deviation) minutes and the weight of the median blood loss was 185.1 Ϯ 140.0 and 276.0 Ϯ 232.7 g, respectively, in Groups 1 and 2. Operative time and blood loss tended to be greater in Group 2 patients than Group 1 patients (p Ͻ 0.01, and p = 0.07, respectively).
Clinical Results
No significant difference in preoperative JOA score was found between the two groups ( Fig. 2 upper left) . The median JOA score and the mean acquired JOA score were satisfactorily maintained up to 5 years after surgery in both groups (Fig. 2 upper left and right) , and no significant intergroup differences in the median JOA score and the mean acquired JOA score were found. The mean acquired JOA scores at 5 years after surgery were 4.6 Ϯ 3.1 and 4.7 Ϯ 3.0, in Groups 1 and 2, respectively ( Fig. 2  upper right) . In both groups, however, the median JOA and the mean acquired JOA scores decreased after 5 years. The decrease was prominent in patients with segmentaltype OPLL and significant intergroup differences in the JOA score (p = 0.01) and the acquired score (p = 0.04) were found when analyzing final follow-up data ( Fig. 2 upper left and right). When the JOA score and the acquired score were divided into two groups (upper-extremity and trunk functions compared with lower-extremity and bladder functions) significant intergroup differences were found only in the final follow-up JOA scores (p Ͻ 0.01) and the acquired scores (p Ͻ 0.01) of upper-extremity and trunk functions (Fig. 2 center left and right) . No significant intergroup differences in lower-extremity and bladder functions in JOA and acquired scores were found when analyzing final follow-up data (Fig. 2 lower left and right) . Adjustment of age, operative time, blood loss, and duration of preoperative symptoms did not alter these results.
Radiographic/Neuroimaging Results
Postoperative progression of ossified PLL more than 2 mm was observed in four patients (40%) in Group 1 and 33 patients (70.2%) in Group 2, and no significant intergroup difference in this incidence was demonstrated (p = 0.14, Fisher exact test). 1 . Diagram of the four alignments of the cervical spine. a: A line is drawn between the lower posterior edge of C-2 and C-7, and this line is defined as A. Lines are drawn from the lower posterior edge of the vertebral bodies of C3-6 perpendicular to A, and the length of these lines is defined as a1 to a4. If every a1 to 4 is anterior to A and one of them is more than 2 mm, the curvature is defined as lordotic. b: If every a1 to a4 distance is posterior to A and one of them is more than 2 mm, the curvature is defined as kyphotic. c: If every a1 to a4 is less than 2 mm, the curvature is defined as straight. d: If a1 to a4 distance is both anterior and posterior and one of the distances is more than 2 mm, the curvature is defined as sigmoid.
FIG. 2. Upper Left and Right:
Change in the median JOA score (left) and the mean acquired score (right).The JOA score and the acquired score were maintained up to 5 years after surgery in both groups; however, both scores decreased in each group after 5 years. The decrease in the JOA score was greater in Group 1, and significant intergroup differences in the JOA and the acquired scores were found when analyzing final follow-up data. *p Ͻ 0.05. Center Left and Right: Changes in the median JOA score (left) and the mean acquired score (right) of upper-extremity and trunk functions. The upper-extremity and trunk JOA score and the acquired score were maintained up to 5 years after surgery in both groups; however, only those in Group 1 decreased after 5 years postoperatively, and significant intergroup differences were found when final follow-up data were analyzed. *p Ͻ 0.05. Lower Left and Right: Changes in the median JOA score (left) and the mean acquired score (right) of the lower-extremity and bladder functions. The lower-extremity and bladder JOA score and acquired score functions were maintained up to 5 years after surgery in both groups; however, those in both groups decreased similarly after 5 years postoperatively, and no significant intergroup differences were found when final follow-up data were analyzed. NS = Group 1 (nonsegmental-type lesions); S = segmental-type lesions.
The preoperative cervical alignment was lordotic in six, kyphotic in one, straight in one, and sigmoid in two patients in Group 1. It was lordotic in 26, kyphotic in seven, straight in 10, and sigmoid in four patients in Group 2. At the final follow-up examination, the cervical alignment was lordotic in four, kyphotic in two, straight in two, and sigmoid in two patients in Group 1, whereas it was lordotic in 20, kyphotic in 11, straight in 14, and sigmoid in one patient in Group 2. A change in the cervical alignment was documented in five patients (50%) in Group 1 and in 19 patients (40.4%) in Group 2. There was no significant intergroup difference in the incidence of this change in the alignment (p = 0.73, Fisher exact test).
Cervical (C2-7) ROM decreased markedly in both groups at 1 year after surgery. Thereafter, ROM was maintained up to the final follow-up examination in Group 1 patients (Fig. 3) ; however, a decrease in ROM occurred gradually in Group 2 patients (Fig. 3) , and a significant intergroup difference in ROM was found when analyzing final follow-up data (p = 0.01). Spontaneous fusion of the lamina in more than one segment at the expanded cervical levels was observed in all patients in Group 1 and in 46 patients (97.9%) in Group 2. The number of fused segments was significantly smaller in patients with segmental-type OPLL than in those with other types (2.0 Ϯ 1.4 and 4.0 Ϯ 1.4, median Ϯ one standard deviation, respectively; p = 0.01).
Late-Onset Deterioration
Because lower-extremity and bladder function in elderly patients are often complicated by lumbar, knee, and prostate lesions, we defined the late-onset deterioration as a decrease in upper-extremity and trunk JOA scores when comparing the highest score observed 1 to 5 years after surgery with that at the final follow-up examination. The FIG. 3 . Graph demonstrating changes in ROM of the cervical spine. The C2-7 ROM decreased markedly in both groups at 1 year after surgery. Thereafter, it was maintained up to the final followup examination in Group 1; however, ROM gradually decreased in Group 2, and a significant intergroup difference in ROM was documented at the final follow up. *p Ͻ 0.05. late deterioration quantified by a decrease of more than one point was observed in seven patients (70%) in Group 1 and 12 (25.5%) in Group 2, the incidence of which was significantly higher in the former group (p Ͻ 0.01, Fisher exact test). Such a decrease in the JOA scores was due to deterioration of the upper-extremity function rather than the trunk function in all Group 1 patients. Correlations between pre-and postoperative parameters and the late deterioration were assessed in both groups. Significant correlation between C2-7 ROM at the final follow up and the late-onset deterioration (r = 0.75, p = 0.01, Spearman rank correlation test) was found in Group 1; however, such correlation was not observed in the Group 2 patients (Fig. 4) . Other parameters, such as preoperative JOA score, preoperative upper-extremity and trunk JOA scores, age at the time of surgery, duration between the onset of initial symptoms and surgery, preoperative C2-7 ROM, pre-and postoperative cervical alignment, and the minimal pre-and postoperative AP diameter of available spinal canal at C-2 to C-7, did not correlate with the late deterioration. In all seven Group 1 patients in whom we observed late deterioration, no spinal cord compression was observed on MR imaging. Both mild atrophy and increased T 2 -weighted signal intensity zones in the spinal cord were observed in all three patients in whom late deterioration was quantified by decrease in more than two JOA points (Fig. 5 ). Mild atrophy of the spinal cord was observed in one patient and an increased T 2 -weighted signal zone was observed in two patients. Late deterioration occurred between 1 and 3 years after surgery in one patient and more than 5 years after surgery in six patients.
Discussion
In our study, the postoperative JOA score and the acquired score in patients with segmental-type OPLL (Group 1) were not significantly different from those in Group 2 until 5 years after surgery (Fig. 2 upper left and  right) . The mid-term results after expansive laminoplasty for the segmental-type OPLL were comparable with those for other types. After 5 years, however, the JOA and acquired scores decreased in both groups, and significantly greater decreases in the JOA and acquired scores were documented in Group 1 when final follow-up data were analyzed (Fig. 2 upper left and right) . The long-term results for the segmental-type OPLL were inferior to those associated with other types. Dividing the upper-extremity and trunk JOA score by that of the lower-extremity and bladder score, significant intergroup differences were demonstrated for upper-extremity and trunk functions (Fig. 2 center left and right) . The JOA and acquired scores quantifying lower-extremity and bladder functions decreased similarly in both groups, and no significant differences were found (Fig. 2 lower left and right) .
Operative duration was significantly longer and blood loss tended to be greater in Group 2 than in Group 1. The possible reason for these discrepancies may be the inclusion of the upper cervical spine in the area of expansion, where the venous plexus is highly developed, requiring a longer exposure time. Although there was no statistically significant intergroup difference in age at the time of surgery, the ages of the patients varied widely in Group 2. Therefore, we undertook analysis by matching the age of patients (50-69 years) in both groups (10 and 33 patients for Groups 1 and 2, respectively) and confirmed similar results (data not shown). Moreover, adjustment of the possible confounding variables including age, operative time, blood loss, and duration of preoperative symptoms by a multiple regression did not change the results. Although confounding by other unknown factors could not be completely eliminated, our results should be reliable.
Many pre-and postoperative parameters were evaluated to explain the development of late deterioration in patients with segmental-type OPLL in whom no compres- sive lesion was observed on postoperative MR imaging, and only final follow-up cervical ROM was found to have significant correlation with the late deterioration (Fig. 4  left) . In addition, different from Group 2, ROM of the cervical spine in Group 1 was maintained beyond 5 years after surgery (Fig. 3) . These results may suggest that cervical mobility may facilitate the development of late deterioration in cases involving the segmental form of OPLL. According to the literature, the cervical cord is stretched 10 to 20% more in a flexed position than in an extended position. 1, 12 The healthy spinal cord possesses an elasticity against deformity, which occurs when the cervical spine is flexed and extended, 1, 12 causing no functional disturbance. The degenerated spinal cord, however, may lose such elasticity and become vulnerable to such dynamic stress. It has been reported in many studies that neuronal loss, demyelinaltion, and gliosis developed mainly in the central gray matter, and the lateral and deep posterior white matter of the chronically compressed spinal cord, 7, [9] [10] [11] which is exhibited as a high-intensity zone on postoperative T 2 -weighted MR imaging. 11 Repetitive deformity of the cervical cord is known to cause cervical myelopathy, the condition that is called Hirayama disease (flexion myelopathy). 5 In patients with Hirayama disease, only the gray matter is affected, 6 although no compressive lesion is observed when the neck is in a neutral position. These facts suggest that the gray matter may be more vulnerable to repetitive deformity than the white matter. The susceptibility of the gray matter to repetitive deformity has also been proven in an experimental model. 14 In our study, the late deterioration that occurred in all affected Group 1 patients was entirely attributable to increased upper-extremity dysfunction, and the late deterioration was also suspected to result from the functional disturbance of the gray matter. Repetitive deformity of the involved spinal cord due to the focal reduction of the elasticity may contribute to the late deterioration of cervical myelopathy after surgical decompression. Therefore, mobile cervical spines may lead to greater dysfunction of the degenerated spinal cord, which has withstood longlasting OPLL-induced compression.
Although there are limitations to our study, such as a small sample size in Group 1 and lack of pathologically studied deteriorated spinal cord specimens, we assumed that cervical mobility may result in myelopathy-related late deterioration after surgery. Different from other types of OPLL, cervical OPLL was maintained for a long time postoperatively in patients with segmental-type OPLL. Supplemental cervical fusion, therefore, may be necessary in some cases of the segmental-type OPLL to prevent the development of late deterioration. The precise indication for fusion in cases of segmental OPLL needs to be clarified in the future studies by studying longer-term followup data and pathological evidence of postsurgical late deterioration due to myelopathy.
Conclusions
The long-term results of expansive open-door laminoplasty for the segmental-type OPLL were inferior to those of other OPLL types, although short-and midterm results were comparable. Persistent cervical mobility may lead to late deterioration due to cervical myelopathy in patients with the segmental-type OPLL.
